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ABSTRACT 

A sample Lhree day Extended LM (ELM) mis s ion  t o  t h e  
F lamsteed  r i n g  s t r u c t u r e  i s  p r e s e n t e d .  It is e v i d e n t  t h a t  
t h e  ELM concept  p r o v i d e s  t h e  p o t e n t i a l  for i n c r e a s i n g  l u n a r  
e x p l o r a t i o n  c a p a b i l i t y  o v e r  t h a t  of Apollo.  The  f u l l  r e a l i z a -  
t i o n  of  t h a t  p o t e n t i a l  depends upon b e i n g  a b l e  t o  l a n d  c l o s e  
(%IO0 m) to p o i n t s  of  s p e c i f i c  i n t e r e s t  and upon t h e  a v a i l a b i l i t y  
of m o b i l i t y  a i d s .  

T h e  m i s s i o n  d e s c r i b e d  i s  p robab ly  o v e r l y  ambi t ious  
i n  t h a t  up t o  s e v e r a l  more days  cou ld  be p r o f i t a b l y  u t i l i z e d  
a t  t h e  s i t e  accompl i sh ing  t h e  d e s c r i b e d  t a s k s .  

The e x e r c i s e  p r o f i t e d  immensely from t h e  a v a i l a b i l i t v  
of  h i g h  r e s o l u t i o n  o r b i t a l  photography.  - I t  i s  t h e  a u t h o r ' s  
o p i n i o n  t h a t  such  photography w i l l  be r e q u i r e d  f o r  a l l  r e a l i s t i c  

" 

f u t u y e  m i s s i o n  p l a n n i n g  and t h u s  f o r  a l l  p o t e n t i a l  l u n a r  l a n d i n g  
s i t e s .  
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T. INTRODUCTION 

The AAP Lunar Missions Ad Hoc Study Team has  d e r i v e d  
a b a s e l i n e  program for; t h e  e a r l y  AAP l u n a r  s u r f a c e  mis s ion=  
which commences w i t h  t h e  Extended LM. The Extended LM (ELM) 
concep t  i s  based upon a n  assumption of  t h e  e x i s t e n c e  of growth 
p o t e n t i a l  i n  A p o l l o .  That growth, expec ted  to come from use  
o f  sys tem margins ,  c o n s t r a i n t  r e l a x a t i o n ,  and f l i g h t  p r o f i l e  
m o d i f i c a t i o n ,  can  be used i n  v a r y i n g  p y o p o r t i o n s  to prov ide  
an i n c r e a s e  ove r  t h a t  a v a i l a b l e  on Apollo i n  l u n a r  s u r f a c e  
s t a y - t  i m e  , l a n d i n g  f l e x i b i l i t y  and accu racy ,  landed  payload 
we igh t  and volume, and i n  payload r e t u r n e d  to e a r t h .  

The e x a c t  manner i n  which t h e  growth i s  used w i l l  
depend upon t h e  s p e c i f i c  l a n d i n g  s i t e  and upon the s p e c i f i c  
t e c h n o l o g i c a l  and s c i e n t i f i c  o b j e c t i v e s .  P r i o r  to t h e  d e t e r -  
m i n a t i o n  of  t h o s e ,  however, i t  i s  d e s i r a b l e  to d e s c r i b e  a 
h y p o t h e t i c a l  ELM miss ion  f o r  pu rposes  of i n d i c a t i n g  t h e  g e n e r a l  
n a t u r e  of t h e  o p e r a t i o n s  and o b j e c t i v e s  which can  be  accom- 
p l i s h e d .  T h i s  t h e n  p r o v i d e s  a b a s e l i n e  from which d e v i a t i o n s  
can  be made, and from which Tea l  m i s s i o n  p l a n n i n g  can  p roceed ,  
when more f a c t s ,  a c t u a l  s i t e s ,  and f i r m  p r i o r i t i e s  become 
e s t a b l i s h e d .  It i s  t h e  purpose of t h i s  memorandum to p r e s e n t  
such a mis s ion  d e s c r i p t i o n .  

11. ASSUIYPTIONS 

The b a s e l i n e  ELM miss ion  d e s c r i b e d  h e r e i n  i s  based  
i n  p a r t  upon t h e  g e n e r a l  o b j e c t i v e s ,  s t a y - t i m e ,  payload we igh t s  
and payload equipment p r e s c r i b e d  by t h e  AAP Ad Hoc Lunar Study 
Team and p e r t i n e n t  subgroups .  Those a r e  supplemented w i t h  
c o n s i d e r a t i o n s  p r e v i o u s l y  d i s c u s s e d  by t h e  a u t h o r .  (1) 

S t a v - t  ime 

We assume a t h r e e  day l u n a r  s u r f a c e  s t a y - t i m e  w i t h  
two E V A  p e r i o d s  p e r  day and two a s t r o n a u t s  o u t  s i m u l t a n e o u s l y .  
The  s t a y - t i m e  e x t e n s i o n  i s  accomplished p r i m a r i l y  w i t h  t h e  
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a i d  of i n c r e a s e d  consumables and a s o l a r  p a n e l  power s o u r c e  
which must be  deployed  manually e x t e r i o r  to t h e  ELM. 

Landing S i t e s  

It i s  e n v i s i o n e d  t h a t  a pr ime r equ i r emen t  (1) on ELM 
m i s s i o n s  w i l l  be to l a n d  the ELM to w i t h i n  1.100 m e t e r s  of a 
p r e s e l e c t e d  s p o t  of  p a r t i c u l a r  s c i e n t i f i c  i n t e r e s t .  It i s  
assumed t h a t  t h i s  u s u a l l y  w i l l  mean l a n d i n g  n e a r  t opograph ic  
i r r e g u l a r i t i e s  much g r e a t e r  t han  t h o s e  t o l e r a t e d  by Apollo 
and t h a t  some o f  t h e  margin may be used f o r  p r o p e l l a n t  to 
accompl ish  t h e  l a n d i n g .  Fo r  t h i s  e x e r c i s e  a s p e c i f i c  s i t e  
n e a r  t h e  Flamsteed r i n g  h a s  been se lec ted  which w i l l  be des-  
c r i b e d  i n  more d e t a i l  l a t e r .  

Descent  Payload 

The d e s c e n t  payload weight  w i l l  be 1000 pounds and 
c o n s i s t  of t h e  f o l l o w i n g :  

Two Lunar F l y i n g  U n i t s  (LFU) 300 l b s  

LFU Support  Equipment 30 

Communications and Nav iga t ion  50 11 

n - - l  --.?---I U r n q ~ 4 - - n n &  Z ' n m ; - n n m i n m  ucu iue ;Lba i  u y u & p i u G i i u  , U I L ~ L L L L L L  L L L ~  

Exper iments ,  Sc ience  Stat i o n s ,  
Sample C o n t a i n e r s  (3)  380 I t  

Lunar Surveying  System and Camera 75 

Hand-held D r i l l  25 11  

Spare  PLSS ( 2 )  140 

TOTAL PAYLOAD WEIGHT 1,000 l b s  

It i s  assumed t h a t  t h e  LFU's w i l l  o p e r a t e  u s i n g  
r e s e r v e  p l u s  r e s i d u a l  p r o p e l l a n t s  (700-1,000 l b s )  from t h e  
LM d e s c e n t  s t a g e .  T h i s  imp l i e s  t h a t  e n g i n e e r i n g  changes w i l l  
be made to t h e  ELM i n  which case a d d i t i o n a l  weight  may be 
t a k e n  from t h e  d e s c e n t  payload .  There i s  u n c e r t a i n t y  about  
t h e  c a p a b i l i t y  of t h e  ELM to c a r r y  two LFU's and a s  to whether  
o r  n o t  a 150 l b  LFU h a s  a r e s c u e  c a p a b i l i t y .  These  c o n s i d e r a -  
t i o n s  have obvious  e f f e c t s  on o v e r a l l  m i s s i o n  e f f e c t i v e n e s s .  
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Ascent Payload 

r o c k  and/or  s o i l  samples .  

111. OBJECTIVES 

The a s c e n t  payload  w i l l  i n c l u d e  100 l b s  of l u n a r  

The b road  o b j e c t i v e  of a l l  ELM miss ions  i s  t o  ex tend  
t h e  b a s i c  Apollo lunap  e x p l o r a t i o n  c a p a b i l i t y  and t o  deve lop  
new e x p l o r a t i o n  t e c h n i q u e s .  A g i v e n  ELM miss ion  w i l l  f u r t h e r  
c o n s i s t  of a mix of  s i t e -dependen t  and s i t e - i n d e p e n d e n t  o b j e c -  
t i v e s .  T h e  former w i l l  be p r i m a r i l y  g e o l o g i c a l  i n  n a t u r e  
w h i l e  t h e  l a t t e r  w i l l  be p r i m a r i l y  g e o p h y s i c a l  and t e c h n o l o g i -  
c a l .  The s i t e - d e p e n d e n t  o b j e c t i v e s  can be b e s t  d e a l t  w i t h  i f  
one works w i t h  a r e a l  l u n a r  s i t e .  

A .  S i te -dependent - -Lunar  Geology and Ppocesses  

The s i t e  s e l e c t e d  for: s t u d y  and mis s ion  d e s c r i p t i o n  
i s  i n  t h e  n o r t h e r n  p a r t  of t h e  Flamsteed P o r  Flamsteed r i n g  
s t r u c t u r e  (1" 4 0 '  S ,  42" 59' W). T h i s  s i t e  was chosen for 
t h e  r e a s o n  t h a t  i t  i s  a s c i e n t i f i c a l l y  i n t e r e s t i n g  s i t e  f o r  
which h i g h  r e s o l u t i o n  (%1 m )  O r b i t e r  photography i s  a v a i l -  
a b l e  and which shows enough v a r i e t y  of f e a t u r e s  t o  w a r r a n t  
a n  ELM m i s s i o n .  The o b j e c t i v e s  a t  t h i s  s i t e  w i l l  become 
a p p a r e n t  i n  t h e  ensu ing  s i t e  d e s c r i p t i o n  and p r e s e n t a t i o n  of 
L ,  ~ l l e  ]-iypoti-ieses c o f i z e r n k g  t h e  ~ r i g ; i n  nf tho ~ h g ~ r ~ ~ d  featiures 

The F lamsteed  r i n g  i s  a d i s c o n t i n u o u s ,  rough ly  c i r -  
c u l a r  s t r u c t u r e  of about  100 km d i a m e t e r ,  t h e  n o r t h e r n  s e c t i o n  
of  which i s  shown i n  t h e  medium r e s o l u t i o n  ( % 8  m )  photograph 
t a k e n  on t h e  O r b i t e r  I mis s ion  ( F i g .  1) .  I n  t h i s  r e g i o n  t h e  
r i n g  a p p e a r s ,  t o p o g r a p h i c a l l y ,  a s  a s e r i e s  of r i d g e s  up t o  
%3OO m i n  e l e v a t i o n  w h i l e  i n t e r n a l l y  c o n c e n t r i c  w i t h  i t  i s  a 

a d d i t i o n a l  i n t e r e s t  a r e  t h e  convex s c a r p s  o r  benches  which 
bound t h e  main r i d g e  s t r u c t u r e s  and t h e  " p a t t e r n e d  ground" 
t e x t u r e  on b o t h  r i d g e s  and s c a r p s .  One schoo l  of thought  
( see ,  e . g . ,  Ref. 2 ) ,  i n t e r p r e t s  t h e  r i n g  s t r u c t u r e  a s  a p a r -  
t i a l l y  b u r i e d  c r a t e r  r i m  and t h e  p a t t e r n e d  ground and benches  
a s  a n  e x p r e s s i o n  of down-slope s o i l  movement (mass w a s t i n g ) .  
Another s choo l  ( 3 y 4 )  b e l i e v e s  t h a t  t h e  s t r u c t u r e s  a r e  t h e  
v o l c a n i c  s u r f a c e  e x p r e s s i o n s  o f  a l a r g e  r i n g  d i k e .  I f  t h e  
fo rmer  a r e  c o r r e c t ,  t h e  mare shou ld  be younger  t h a n  t h e  r i d g e  
w h i l e  t h e  converse  h o l d s  i f  t h e  r i n g  i s  a n  e x t r u s i v e  l a v a .  A 
p r ime o b j e c t i v e  of t h e  ELM miss ion  i s  t h u s  t o  i n v e s t i g a t e  t h e  
s t r u c t u r e  i n - s i t u ,  t o  observe  s t r u c t u r a l  and t e x t u r a l  r e l a t i o n -  
sh ips  and t o  sample t h e  m a t e r i a l  a t  t h e  r idge-mare c o n t a c t .  

s e r i e s  of "'typical" mare r i d g e s  up t o  %lo0 m h i g h .  ( 2 )  Of 
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From t h i s ,  one may a s c e r t a i n  r e l a t i v e  a g e s  and compos i t ion ,  
and de te rmine  t h e  r o l e  of s o i l  movement i n  p roduc ing  p a t t e p n e d  
g round .  

On t h e  h igh  r e s o l u t i o n  ( ~ 1  m )  photograph of  t h e  
r i n g  ( F i g .  2 ) ,  one can  obseyve more of t h e  p a t t e r n e d  ground 
on t h e  mare p r o p e r  a s  well  a s  numerous c r a t e r s  w i t h  a range 
of  morphologies  and r o c k  d i s t r i b u t i o n s .  It has  l o n g  been  
assumed t h a t  t h e  s h a r p e r ,  rock  s t r e w n  c r a t e r s  a r e  younger t h a n  
t h e  r o c k - f r e e ,  more subdued or "eroded"  a p p e a r i n g  c r a t e r s  .-x 
R a d i o a c t i v e  age d a t e s  on samples from t h e  d i f f e r e n t  t y p e s  of 
c r a t e r s  shou ld  shed l i g h t  on t h e  v a l i d i t y  of t h i s  h y p o t h e s i s  
a s  shou ld  i n - s i t u  g e o l o g i c  o b s e r v a t i o n .  C o i n c i d e n t a l l y ,  I n  
F i g u r e  2 one sees ev idence  for a n  a l t e r n a t i v e  to t h e  e r o s i o n  
h y p o t h e s i s ,  f o r  i n  t h a t  f i g u r e  t h e r e  appea r  two d i s t i n c t  t y p e s  
of mare s u r f a c e .  Nea re r  t h e  r idge ,  i n  t h e  v i c i n i t y  o f  "A", 
t h e  mare a p p e a r s  to have a lower d e n s i t y  of s m a l l ,  f r e s h  c r a t e r s  
r e l a t i v e  to t h e  mare i n  t h e  southwest  c o r n e r  of t h e  photograph 
n e a r  "B". S e p a r a t i n g  t h e  t w o  r e g i o n s  i s  mare s u r f a c e  w i t h  
w e l l  developed p a t t e r n e d  ground. It i s  h e r e i n  sugges t ed  t h a t  
t h e  r e g i o n  n e a r  A "  h a s  been c a t a s t r o p h i c a l l y  r e j u v e n a t e d  a t  
some p o i n t  i n  t h e  p a s t  r e l a t i v e  to t h e  s u r f a c e  sou thwes t ,  
d e s t r o y i n g  most small  c r a t e r s  ( ~ 5 0  m) . Such a n  e v e n t ,  be  i t  
a n  o v e r l a y  of a s h e e t  of  m a t e r i a l  such  a s  v o l c a n i c  a s h ,  a 
b l a n k e t  of c r a t e r  e j e c t a ,  or some o t h e r  phenomenon, has  been 
h y p o t h e s i z e d  for o t h e r  l u n a r  a r e a s .  At t h i s  s i t e  i n  Flamsteed 
one can  t e s t  t h e  h y p o t h e s i s  d i r e c t l y .  

11  

Of a d d i t i o n a l  s c i e n t i f i c  i n t e r e s t  i s  t h e  a p p a r e n t l y  
11  

f r e s h  impact c r a t e r  on a s t e e p  s l o p e  a t  C "  which shows p r e -  
f e r e n t i a l  e j e c t i o n  o f  l u n a r  m a t e r i a l  i n  t h e  down-slope ( sou thward )  
d i r e c t  i o n .  

A t  I'D" i s  a n  a r c u a t e  s t r i n g  of r o c k s  which a p p e a r s  to 
e x t e n d  a lmost  to t h e  f o o t  of t h e  r i d g e .  Not obv ious ly  a s s o c -  
i a t e d  w i t h  a c r a t e r ,  t h i s  rock  moraine p r e s e n t s  a n  enigma. It 
i s  p o s s i b l e  t h a t  i t  r e s u l t e d  from down-slope r o c k  and s o i l  
movement, on t h e  one hand, or  by a p r o c e s s  ana lagous  to t e r -  
r e s t r i a l  frost -heaving.  I n - s i t u  o b s e r v a t i o n s  may a l low 
s o l u t i o n  of t h i s  problem. 

B .  S i t e - independen t  I 

The f o l l o w i n g  o b j e c t i v e s  a r e  e s s e n t i a l l y  s i t e  i n d e -  
pendent  i n  t h a t  what one does w i l l  not v a r y  g r e a t l y  a s  a 
f u n c t i o n  of t h e  s i t e .  We r e a l i z e ,  however, t h a t  how one 
accompl i shes  t h e  o b j e c t i v e  may be a f u n c t i o n  of  t h e  s i t e .  

*One must keep i n  mind t h e  f a c t  t h a t  sma l l  c r a t e r s  which do 
n o t  p e n e t r a t e  t h e  g r a n u l a t e d  l a y e r  w i l l  be i n i t i a l l y  r o c k - f r e e .  
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1. Deploy a S c i e n t i f i c  Moni tor ing  S t a t i o n  

It i s  assumed t h a t  t h i s  w i l l  c o n t i n u e  to be a u s e f u l  
f u n c t i o n  on many of  t h e  AAP l u n a r  m i s s i o n s .  The i n h e r e n t  
a d v a n t a g e s  o v e r  Apollo a r e  t h a t  t h e r e  w i l l  be s u f f i c i e n t  time 
to conduct  a s i t e  su rvey  p r i o r  to s t a t i o n  deployment,  t ime and 
we igh t  a v a i l a b l e  to dep loy  more expe r imen t s ,  and t i m e  to con- 
d u c t  f u n c t i o n a l  t e s t s ,  w i t h  f i x e s  ( i f  f e a s i b l e ) ,  p r i o r  to ELM 
a s c e n t .  

2 .  U t i l i z e  a n  LFU i n  Lunar E x p l o r a t i o n  

A p r e s s i n g  des i r e  f o r  pos t -Apo l lo  m i s s i o n s  i s  an  
i n c r e a s e  i n  m o b i l i t y .  T h i s  mi s s ion ,  assumed to be t h e  f i r s t  
w i t h  an  LFU, p l a c e s  emphasis  upon t e s t  of t h e  LFU. I n  a d d i t i o n  
t o  s a v i n g  t ime and a s t r o n a u t  energy ,  one i s  a b l e  to conduct  a 
b e t t e r  l u n a r  e x p l o r a t i o n  by going to l o c a t i o n s  i n a c c e s s i b l e  
to a n  a s t r o n a u t  on f o o t .  

3.  Use Reserve and Res idua l  P r o p e l l a n t  f o r  t h e  LFU 

It seems p r o b a b l e  t h a t  5 0 0 - l O O O  l b s  of p r o p e l l a n t  
i s  d e s i r a b l e  i n  o r d e r  to make i t  wor th  c a r r y i n g  a n  LFU. S ince  
i t  i s  i m p r a c t i c a l  to c a r r y  t h a t  a s  payload  on a n  ELM m i s s i o n ,  
w e  must depend upon s u c c e s s f u l l y  r e t r i e v i n g  and u s i n g  p r o -  
p e l l a n t  remain ing  i n  t h e  LM descen t  t a n k s  b o t h  a s  r e s e r v e  
( a v a i l a b l e  i o  i ~ i e  LM eiigli-ie) arid r e s i d u z ~ s  ( t h a t  t r a p n e d  ~n 
l i n e s  and t a n k s  which i s  u n a v a i l a b l e  to t h e  LM enginef j .  

4 .  U t i l i z e  Sur face  Back-pack Change to I n c r e a s e  

A s t r o n a u t s  a r e  now c o n s t r a i n e d  to t r a v e l i n g  on ly  a 

E x p l o r a t i o n  E f f i c i e n c y  

s h o r t  d i s t a n c e  from t h e  LM f o r  two r e a s o n s  - t h e  P o r t a b l e  
L i f e  Suppor t  System (PLSS) energy c a p a c i t y  a l l o w s  a nominal 
t h r e e  hour  E V A  w h i l e  t h e  emergency oxygen s u p p l y  d i c t a t e s  a 
maximum time ( t h u s  d i s t a n c e )  f rom t h e  LM of abou t  25-30 minu tes .  
The a b i l i t y  to use  a second and even  a t h i r d  PLSS on t h e  l u n a r  
s u r f a c e  w i t h o u t  t h e  n e c e s s i t y  of e n t e r i n g  t h e  LM f o r  a r e c h a r g e  
r e s u l t s  i n  g r e a t l y  ex tended  s u r f a c e  r ange  and o p e r a t i n g  t ime.  

5. T e s t  S u r f a c e  Communications 

One of t h e  unknowns of l u n a r  s u r f a c e  e x p l o r a t i o n  i s  
t h e  a b i l i t y  to communicate when o u t  of l i n e - o f - s i g h t .  It i s  
p o s s i b l e ,  however, t h a t  communications can  be e f f e c t e d  through 
t h e  l u n a r  s u r f a c e  mate . r ia1 .  It i s  t h u s  proposed t h a t  such be 
a t t e m p t e d  i n  a s e r i e s  of  tests whereby one a s t r o n a u t  s lowly  
p r o c e e d s  o u t  of l i n e - o f - s i g h t  e i t h e r  by walk ing  behind  h i l l s  
o r  b o u l d e r s  o r  by e n t e r i n g  shal low c r a t e r s .  
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6. Determine A b i l i t y  to Conduct High  Energy T a s k s  

S i m u l a t i o n s  of l u n a r  m i s s i o n s  a r e  n o t  thought  to be  
e f f e c t i v e  w i t h  r e g a r d  to metabo l i c  e x p e n d i t u r e s .  It i s  t h u s  
p r o b a b l e  t h a t  one w i l l  have t o  s lowly  i n c r e a s e  t h e  l o a d  on 
a s t r o n a u t s  d u r i n g  r e a l  mi s s ions  i n  o r d e r  to determine  t h e  
l i m i t a t i o n s .  The  Flamsteed s i t e  p r o v i d e s  s e v e r a l  a r e a s  ( r i d g e s  
and c r a t e r s )  where i t  would be b e n e f i c i a l ,  s c i e n t i f i c a l l y ,  
f o r  a n  a s t r o n a u t  to c l imb f o r  pu rposes  of o b s e r v a t i o n  and 
sampl ing  and where,  w i th  c l o s e  mon i to r ing  of energy  expend i -  
t u r e ,  one cou ld  conduct  meaningful  me tabo l i c  t e s t s .  

I V .  M I S S I O N  PROFILE 

The a c t i v i t i e s  env i s ioned  for t h e  s i x  EVA p e r i o d s  
a r e  shown i n  F igu re  3-5 and cor respond t o  e x p l o r a t i o n  a t  t h e  
s i t e  shown i n  F i g u r e  2 .  The a c t i v i t i e s ,  o c c u r r i n g  a s  f a r  a s  
2 1/2 km from t h e  touchdown p o i n t ,  a r e  e s s e n t i a l l y  s e l f -  
e x p l a n a t o r y  i n  view of t h e  p r e v i o u s  t e x t ,  b u t  s e v e r a l  remarks 
a r e  p e r t i n e n t  r e l a t i v e  to sequencing ,  a l l o t t e d  t imes,  and 
d i s t a n c e  from t h e  ELM. 

I n  g e n e r a l ,  h i g h e s t  p r i o r i t y  t a s k s  a r e  conducted 
f i r s t  as  a r e  t h o s e  which a r e  known from p a s t  e x p e r i e n c e  to 
be a s s u r e d  of s u c c e s s .  ALSEP deployment i s  de layed  u n t i l  
a f t e r  some g e o l o g i c a l  i n v e s t i g a t i o n  i n  o r d e r  to op t imize  its 
I n c a t i m .  I t  I C !  nnt  lef t .  until t h e  end ,  hO!n!PVPI?, i n  order 
to a l l o w  for redeployment .  

The  LFU's a r e  new e x p l o r a t i o n  tools. T h e r e f o r e ,  w e  
e n v i s i o n  a n  e x t e n s i v e  check-out p e r i o d  w i t h  many s t o p s  and a 
lot of h o v e r i n g  c l o s e  t o  t h e  ELM, which a c c o u n t s  for t h e  l a r g e  
amount of  time and p r o p e l l a n t  u sed .  F u r t h e r ,  t h e r e  w i l l  b e  
ex t reme c o n s e r v a t i s m  e x e r c i s e d  i n  b o t h  d i s t a n c e  covered  and 
v e l o c i t y  u t i l i z e d  on e a r l y  m i s s i o n s .  No f l i g h t  has  been made 
beyond walk-back d i s t a n c e  and no f l i g h t  would be made to t h e  
r i d g e  top u n t i l  t h e  s t a b i l i t y  of t h e  r i d g e  s o i l  was a s s u r e d .  
It i s  assumed t h a t  any t i m e  one a s t r o n a u t  i s  u s i n g  a n  LFU, 
t h e  o t h e r  r ema ins  n e a r  t h e  ELM w i t h  a second LFU a v a i l a b l e  
f o r  r e s c u e .  

About one-ha l f  hour h a s  been  a l l o t t e d  f o r  s p e c i f i c  
sampl ing  s i t e s ,  a t ime i n t e r v a l  no t  o v e r l y  long  for p u r p o s e s  
of sampl ing ,  obse rv ing ,  photographing  and d e s c r i b i n g .  

V .  SUMMARY 

A sample t h ree  day Extended LM (ELM) m i s s i o n  to t h e  
F lamsteed  r i n g  s t r u c t u r e  i s  p r e s e n t e d .  It i s  e v i d e n t  t h a t  
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t h e  ELM concept provides  the  p o t e n t i a l  f o r  i n c r e a s i n g  l u n a r  
e x p l o r a t i o n  c a p a b i l i t y  over t h a t  of Apollo.  The f u l l  r e a l i z a -  
t i o n  of t h a t  p o t e n t i a l  depends upon being a b l e  to land c l o s e  
($100 m )  t o  p o i n t s  of s p e c i f i c  i n t e r e s t  and upon t h e  a v a i l -  
a b i l i t y  of m o b i l i t y  a i d s .  

The mission descr ibed  i s  probably ove r ly  ambit ious 
i n  t h a t  up to s e v e r a l  more days could be p r o f i t a b l y  u t i l i z e d  
a t  t h e  s i t e  accomplishing t h e  descr ibed  t a s k s .  

The e x e r c i s e  p r o f i t e d  immensely from the  a v a i l a b i l i t y  
of h igh  r e s o l u t i o n  o r b i t a l  photography. It i s  the  a u t h o r ' s  
op in ion  t h a t  such photography w i l l  be  r e q u i r e d  f o r  a l l  r e a l i s t i c  
f u t u r e  miss ion  p lanning  and t h u s  f o r  a l l  p o t e n t i a l  l u n a r  landing  
s i t e s .  

1012-NWH-hjt 
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1. INSPECT LM - 
UNLOAD EQUIPMENT 

DEPLOY EXTENSION EQUIPMENT ( SOLAR PANELS, ETC . ) 
CONDUCT SHORT GEOLOGIC TRAVERSE THRU ROCK-FIELD (EJECTA?) 

SAMPLES "FINES" AND LARGE ROCKS 

PHOTOGRAPH AND INVESTIGATE SURFACE TEXTURES 

TEST OUT-OF-SIGHT COMMUNICATIONS 

- 2.  RIDGE-MARE TRAVERSE 

PROCEED TO RIDGE-MARE CONTACT 

EXAMINE STRUCTURAL AND TEXTURAL FEATURES 

SAMPLE FOR COMPOSITION AND AGE DATING 

CONDUCT SHORT CLIMB ONTO RIDGE 

STUDY MATERIAL MOVEMENT AND SAMPLE 

WATCH METABOLIC RATES 

PROCEED TO IMPACT CRATER 

OBSERVE EJECTA PATTERNS 

SAMPLE 

RETURN TO LM WITH SEQUENTIAL SAMPLING OF EJECTA 

FIGURE 3: PROFILE FOR EVA 1 AND 2 
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3 .  LFU ORIENTATION + ALSEP DEPLOYMENr - 

FUEL LFU' s 

CONDUCT LFU ORIENTATION NEAR 

REFUEL LFU' s  

" A "  - FLY LFU WITH EQUIPMENT 

LM 

TO ALSEP SITE 

SURVEY SITE 

"B" - CARRY OUT ALSEP 

DEPLOY ALSEP 

FUEL: 10 STOPS 

10 KM 

400 LBS 

4. - LFU RIDGE TRAVERSE 

"A' '  1. FLY TO RIDGE CREST (WITH 

I?RII;L; AniE SAMPLE CONTAINERS) 

2 .  MARE-RIDGE CONTACT 

3.  ROCK MORAINE, TEXTURE 

4. "ERODED" CRATER INTERIOR 

FUEL: 5 STOPS 

6 KM 

125 LBS 
"B" REMAIN NEAR LM WITH LFU #2 

DETAILED OBSERVATIONS 

SAMPLE PREPARATION 

FIGURE 4: PROFILE FOR EVA 3 AND 4 



5. LFU MARE TRAVERSE - 
REFUEL LFU (DRILL + SAMPLE CONTAINERS) 

"B" 1. FLY TO "OLDER" MARE 

2 .  CRATER WITH SLUMP MATERIAL 

3 .  PATTERNED MARE 

FUEL: 4 STOPS 

5 1/2 KM 

105 LBS 

" A "  REMAIN NEAR LM W I T H  LFU #1 

CONDUCT DETAILED OBSERVATIONS, 

SAMPLING, AND ENGINEERING TASKS 

ADJUST ALSEP IF NECESSARY (AND FEASIBLE) 

PREPARE SAMPLES 

6 .  FINAL EVA - 

CONDUCT SURFACE TRAVERSE EITHER TO 

NEW AREA OR REVISIT AREA OF INTEREST 

SWITCH-OVER PLSS ON SURFACE 

PREPARE SAMPLES FOR FBTURN 

FIGURE 5: PROFILE FOR EVA 5 AND 6 


